A new species of Eubacterium, Eubacterium fossor, which was isolated from the pharynxes of normal horses and as a component of mixed flora from pyogenic diseases in horses, is described. This organism was found in oropharyngeal samples from seven normal horses, accounting for 22% of the anaerobic isolates, and was also isolated from pyogenic conditions (pleuropneumonia in two cases and parapharyngeal or tooth root abscesses in three cases) of horses. All strains were anaerobic, gram-positive rods which formed colonies that corroded agar. Noncorroding variants were not found. The addition of serum (5%, vol/vol) or Tween 80 (0.75 % , vol/vol) was required to ensure optimum growth, which occurred in nutrient broth cultures (brain heart infusion or peptone-yeast extract medium). The fermentation products included major amounts of acetic and lactic acids. Strains of E . fossor sp. nov. had deoxyribonucleic acid guanine-plus-cytosine contents of 43 to 46 mol%. The type strain is strain NCTC 11919 (= Veterinary Pathology and Bacteriology Collection strain VPB 2127).
In 1958 Eiken described strains of gram-negative rods which formed corroding colonies on agar and named them Bacteroides corrodens (3). Subsequent workers showed that the collection of Eiken was a heterogeneous group. The facultatively anaerobic organism was named Eikenella corrodens (6), and the anaerobic organism was named Bacteroides ureolyticus (7). Jackson and Goodman (7) examined two corroding vibrio strains and suggested that these organisms may conform to the description of Vibrio succinogenes (15). Tanner et al. (16) clarified the taxonomy of these strains by forming a new genus, Wolinella, to accommodate the corroding vibrio strains. In Bergey's Manual of Systematic Bacteriology (10) the corroding bacteria were placed in the genera Bacteroides, Eikenella, and Wolinella, all of which are gram-negative rods.
During qualitative studies of the anaerobic flora of the pharynxes of normal horses and pyogenic disease conditions of the oral, parapharyngeal, and thoracic regions of this species, we isolated many strains of strictly anerobic grampositive rods which corroded the agar in a manner similar to the gram-negative, strictly anaerobic rods belonging to the genus Wolinella. These organisms do not appear to have been described previously.
In this paper we describe the characteristics of this group of organisms and propose that they represent a new species in the genus Eubacterium.
MATERIALS AND METHODS
Bacterial strains. The 13 strains studied in detail were selected from a total of 41 anaerobic gram-positive corroding isolates which accounted for 41 of 193 (21%) of the anaerobic isolates obtained from samples from 12 horses. Strains VPB 2127T (T = type strain), VPB 2128, VPB 2129, VPB 2130, VPB 2132, VPB 2133, and VPB 2134 were isolated from swabs from the pharyngeal tonsillar surfaces of seven normal horses. The gram-positive corroding isolates accounted for 26 of 119 (22%) of the anaerobic isolates from these samples. Strains VPB 2135, VPB 2136, and VPB 2137 were * Coksponding author.
isolated from surgical aspirates from three horses with either parapharyngeal or tooth root abscesses, and gram-positive corroding isolates constituted 3 of 37 (8%) of the anaerobic isolates and 3 of 44 (7%) of the total isolates. Strains VPB 2138 and VPB 2139 were isolated at autopsy from a pulmonary abscess and from the pleural fluid, respectively, of a horse with pleuropneumonia. Strain VPB 2145 was isolated from a horse with pleurisy. In the latter two horses grampositive corroding strains accounted for 12 of 37 (32%) of the anaerobic isolates and 12 of 78 (15%) of the total isolates. In normal horses, the organisms were part of a mixed anaerobic, facultatively anaerobic, and aerobic flora, and in diseased horses, they were members of a mixed anaerobic and facultatively anaerobic flora.
Following isolation, single colonies were subcultured onto sheep blood agar (SBA) (Oxoid blood agar base no. 2 containing 5% defibrinated sheep blood). Cultures of the strains were freeze-dried in skim milk and subsequently revived and fully characterized in parallel.
Culture media and methods. The organisms were isolated on SBA supplemented with vitamin K-hemin (5) and formate-fumarate (15). The plates were incubated anaerobically at 37°C in Anaerobic Systems jars (Oxoid Ltd, London, England) by an evacuation replacement procedure (10% H2, 10% C02, 80% N2). Subsequently the organisms were subcultured onto SBA or tryptose agar (5 g of NaCl, 15 g of agar, 20 g of tryptose [Oxoid] , 2.5 g of tryptone [Difco Laboratories, Detroit, Mich.], 1 g of yeast extract [Difco] , and 1 g of glucose in 1 liter of distilled water, pH 7.4 to 7.6). Initially the organisms grew poorly in prereduced brain heart infusion broth and prereduced peptone-yeast extract broth (5). Preliminary work demonstrated that growth was stimulated by the addition of 0.75% (vol/vol) Tween 80 or 5% (vol/vol) sterile horse serum (C.S.L., Melbourne, Australia), but addition of 1% IsoVitaleX (Becton Dickinson and Co., Rutherford, N. J.) and 0.25% (vol/vol) glycine-glutamic acid failed to stimulate growth. Subsequently all broth cultures were supplemented with 0.75% (volhol) Tween 80. Pure cultures were grown anaerobically in a medium that consisted of bovine viande-foie broth (17) containing cooked meat particles, 0.5% (vol/vol) glucose, and 0.75% (voVvo1) Tween 80 (CMGT). The basal medium used for fermentation INT. J. SYST. BACTERIOL. studies was the medium of Holdeman et al. (5) supplemented with prereduced sterile 0.75% Tween 80 (PYT). Fermentation of carbohydrates was determined by using the method of Holdeman et al. (5) .
Biochemical tests. The reagents and methods of Holdeman et al. (5) were used for the following tests: esculin and starch hydrolysis; nitrate reduction; catalase, ammonia, acetylmethylcarbinol and gas production; growth in bile; indole production in CMGT (tested at 2 and 14 days); and changes in meat at 14 days. The urease test was performed by the methods of Holdeman et al. ( 5 ) and by the Elek method (2). Hydrogen sulfide was detected by using lead acetateimpregnated paper strips suspended above SBA slopes. Uninoculated slopes were incubated with inoculated slopes in anaerobic jars. Gelatin liquefaction was determined by the method described by Love et al. (11) . Milk reactions were tested in litmus milk which was boiled for 10 min prior to inoculation and anaerobic incubation for 5 days. Growth was verified by observing at least a 10-fold increase in viable bacterial numbers from serial dilutions of litmus milk broth incubated for 24 h. Heat resistance was tested by submerging samples of 1-and 5-day old PYT-glucose or PYT-starch cultures in an 80°C water bath for 10 min. The heated broth and an unheated control were inoculated into PYT-mannose and incubated at 37°C to determine whether outgrowth had occurred. Lecithinase and lipase were tested by the method of Holdeman et al. (3, except that tryptose agar was substituted for McClung-Toabe agar. Plates were incubated for 7 days and compared with a positive control (Staphylococcus epidermidis VPB 238). The ability to hydrolyze Tween 20, Tween 40, and Tween 80 was tested by adding 1% Tween to tryptose agar. The organisms were plated with positive (strain VPB 231035) and negative (strain VPB 3151) controls of staphylococci and incubated anaerobically for 7 days. Hydrolysis was detected by observing a precipitate within the agar around the colonies.
Antibiotic susceptibility. Susceptibility to antimicrobial agents was determined by the broth disk method of Wilkins and Thiel (19) . Poor growth of the organisms in prereduced brain heart infusion broth necessitated the use of another medium. PYT-glucose was used to test the susceptibilities of the organisms after identical results were obtained when Bacteroides fragilis ATCC 252UT, Fusobacterium necrophorum ATCC 25286T, Peptostreptococcus productus ATCC 27340T, and Propionibacteriurn acnes NCTC 737T were tested in prereduced brain heart infusion broth and PYT-glucose.
Fermentation products. Fatty acids were extracted from CMGT, PYT-glucose, PYT-pyruvate, and PYT-threonine cultures as described by Holdeman et al. (5) and were detected with a Hewlett-Packard model 5830A gas chromatograph (11) fed by a model 7671 automatic sampler and computer programmed to quantitate the products of fermentation.
Morphology and growth characteristics. The organisms were grown on SBA, and colony descriptions were recorded after 1, 2, 4, and 7 days. Gram stains were made on 24-h cultures from CMGT, PYT-glucose and SBA plates to describe and measure the organisms. Motility was tested by examining hanging drop preparations after 1, 2,5, and 7 days and oxygen tolerance was tested by subculturing organisms onto SBA plates and incubating them aerobically and in a candle extinction jar (11% 02, 10% COz) or an anaerobic jar containing approximately 4 to 5% or 0.07% oxygen.
Electron microscopy. For thin-section ultrastructural examinations, young cultures (1 day) were fixed and stained by using the method of Kellenberger et al. (9) and Love et al.
(11) and a modification of the latter technique. This involved staining the cells with 2% aqueous tannic acid (pH 7.0) for 1 h after glutaraldehyde fixation but prior to the addition of osmium tetroxide. The cells were dehydrated through a graded series of alcohols and absolute acetone and embedded in Spurr resin (11). Thin sections were stained with uranyl acetate and lead citrate. Freeze-fracture preparations were made by freezing cells (unfixed and unglycerinated) on gold disks in liquid nitrogen-cooled Freon 22. They were knife fractured with a Balzers model BAF 300 freeze-etch machine at -100°C. Replicas were. cleaned for 2 h in 25% chromic acid and then transferred to 50% chromic acid overnight, rinsed twice in distilled water, and picked up on noncoated 600-mesh Gilder grids (type G600 HH). Whole cells from 24-h PYT-glucose were stained with 1% phosphotungstic acid. Thin sections, freeze-fracture replicas, and negatively stained preparations were examined with a Philips model EM 400 electron microscope at 100 kV.
Determination of DNA base composition. Deoxyribonucleic acid (DNA) was extracted from cells grown in PYT-glucose. Bottles containing 450 ml of medium were inoculated with 30 ml of a 24-h culture grown in PYT-glucose and incubated overnight at 37°C. Harvested cells suspended in salineethylenediaminetetraacetic acid buffer (0.15 M NaCl, 0.01 M ethylenediaminetetraacetic acid, pH 8.0) were resistant to lysis by 1 or 2% (vol/vol) sodium dodecyl sulfate. Cells suspended in a 1: 5 dilution of saline-ethylenediaminetetraacetic acid buffer as described by Johnson (8) were lysed with 2% sodium dodecyl sulfate after pretreatment with lysozyme (0.4 mg/ml) incubated for 30 min at 37°C. The subsequent procedure used was that of Marmur (12) modified by using 0.1% 8-hydroxyquinoline in an equal volume of a chloroform-phenol mixture (8) for the first extraction. The guanine-plus-cytosine (G+ C) contents of the DNA preparations were determined by the thermal melting point method of Marmur and Doty (13) .
RESULTS
Morphology and Gram staining. All of the strains had similar morphological and Gram stain reactions. They were gram-positive cells, varied from coccobacillary to rod shaped with parallel sides and rounded ends, and measured 0.5 to 0.9 by 0.3 pm. Thin-section electron microscopy revealed a cell wall structure typical of gram-positive bacteria. In addition, many cells had a portion of the cell wall (either terminal or central or both) which was more electron dense than the adjacent cell wall (Fig. 1) . This electrondense area was present in cells fixed by all three methods and appeared to be within rather than external to the cell wall. The more electron-dense areas appeared to be uniformly stained. Freeze-fracture examination of cells demonstrated fracture planes consistent with a gram-positive cell wall structure (4). Cells in negatively stained preparations had small numbers of polar pili (Fig. 2) . No layers external to the cell wall were detectable. All strains were nonmotile at 1, 2, 5, and 7 days.
Colonial characteristics. On SBA the colonies of all strains were similar. After 24 h, the colonies were minute, enlarging to 1 mm at 48 h, at which time they appeared circular and set in small pits (0.3 mm) deep in the agar. The colonies after 4 days had umbonate to raised centers (1 mm) with either a roughened depressed region or a series of concentric rings radiating outward for an additional 1 to 2 mm from the center of the colony. The pit formed by the colony was 3 mm wide Broth characteristics. In PYT-glucose and CMGT, the organisms gave dense growth with uniform turbidity and fine granular deposits.
Biochemical reactions. All strains fermented mannose (mean pH, 5.07; pH range, 4.65 to 5.48) and glucose weakly (11 of 13 strains; mean pH, 5.85; pH range, 5.64 to 6.1). No strain fermented adonitol, amygdalin, arabinose, cellobiose, erythritol, esculin, fructose, glycogen, inositol, lactose, maltose, mannitol, melezitose, melibiose, raffinose, rhamnose, ribose, salicin, sorbitol, starch, sucrose, trehalose, or xylose. The pH of unfermented inoculated sugars ranged from 6.14 to 6.95. All strains produced ammonia and hydrogen sulfide. Growth in PYT-glucose-bile was 3+ to 4+ compared with growth in PYT-glucose. All seven strains tested were negative for lipase and lecithinase, all six strains tested were negative for Tween 20, Tween 40, and Tween 80 hydrolysis, and all six strains tested were negative for urease production. No strain was heat resistant or produced gas from glucose when it was tested in agar deep cultures. No strain gave positive reactions to the remaining biochemical tests performed.
Fermentation products. Strains grown for 5 days in CMGT and PYT-glucose produced acetic acid (average 14.94 pmol/ml from CMGT and 10.18 pmol/ml from PYT-glucose) and lactic acid (average 27.99 pmoVml from CMGT and 15.24 pmol/ml from PYT-glucose). Threonine was not converted to propionate, and lactate and pyruvate were not utilized.
Resistance to antimicrobial agents. All strains were susceptible to penicillin (2 U/ml), ampicillin (4 pg/ml), carbenicillin (100 pg/ml), doxycycline (6 pg/ml), chloramphenicol (12 pg/ml), and erythromycin (3 pg/ml).
DNA base composition. The G+C content of the DNA was 43 to 46 mol%.
DISCUSSION
The colonial characteristics of the isolates described above are similar to those of the corroding gram-negative rod-shaped organisms Bacteroides gracilis, B . ureolyticus, Eikenella corrodens, Wolinella succinogenes , and Wolinella recta, except that the former are gram positive. The corroding organisms described in this paper are considered to be members of the genus Eubacterium because they are grampositive, obligately anaerobic, nonsporeforming rods which produce acetic and lactic acids (lactic acid > acetic acid) as the major acid products (5) and have DNA G+C contents of 43 to 46 mol%.
In the absence of DNA base composition data, these organisms could be placed in the genus Actinomyces. However, members of the genus Actinomyces have G+C contents ranging from 58 mol% for Actinomyces pyogenes (1) to 73 mol% for Actinomyces humiferus (14), while the range of previously published DNA G+C contents for the genus Eubacterium is 31 mol% for Eubacterium cylindroides (5) to 55 mol% for Eubacteriurn suis (18) .
The distinctive colonial morphology of these organisms is unlike that of any previously described member of the genus Eubacterium. On this basis, we believe that the isolates represent a new species in the genus Eubacterium, for which we propose the name Eubacterium fossor. A description of the new species is given below.
Eubacterterium fossor sp.nov. Eubacterium fossor (fos'sor. L.n. fossor a digger, delver) is an obligately anaerobic gram-positive bacterium whose cells vary from coccobacillary to rod shaped with parallel sides and rounded ends and measure 0.5 to 0.9 by 0.3 pm. Polar pili are present, and it is nonmotile.
On SBA colonies after 24 h are minute, enlarging to 1 mm after 48 h, at which time they appear to be set in small pits (0.3 mm) deep in the agar. After 4 days the colonies have umbonate to raised centers (1 mm) with either a roughened depressed region or a series of concentric rings radiating outward for an additional 1 to 2 mm from the center of the colony. The pit formed by the colony is 3 mm wide and 0.3 mm deep. Hemolysis does not occur.
Growth in broth is improved by the addition of Tween 80 (0.75%, vol/vol) or serum (5%, vol/vol). The organisms form dense growth with uniform turbidity and a fine granular deposit when they are grown in prereduced peptone-yeast extract-glucose broth or cooked meat-glucose broth. Acetic and lactic acids (lactic acid > acetic acid) are the major fermentation products.
Gas is not detected in PYT-glucose deep agar cultures; hydrogen sulfide and ammonia are produced. Acid is produced from mannose, and glucose is fermented weakly by the type strain and 10 of the remaining 12 strains. No acid is produced from adonitol, amygdalin, arabinose, cellobiose, erythritol, esculin, fructose, glycogen, inositol, lactose, maltose, mannitol, melezitose, melibiose, raffinose, rhamnose, ribose, salicin, sorbitol, starch, sucrose, trehalose, or xylose. Indole, catalase, acetylmethylcarbinol, lecithinase, lipase, and urease are not produced. Esculin, starch, Tween 20, Tween 40, and Tween 80 are not hydrolyzed. Nitrate is not reduced. There is no reaction in milk and no digestion of gelatin. Bile neither stimulates nor inhibits growth. Cells do not survive heating for 10 min at 80°C.
All strains tested are susceptible to penicillin (2 U/ml), ampicillin (4 pg/ml), carbenicillin (100 pg/ml), doxycycline (6 pg/ml), chloramphenicol (12 pg/ml), and erythromycin (3 pdml).
The G+C content of the type strain is 44 mol%. The type strain of E.fossor is strain NCTC 11919, which was isolated from the pharynx of a normal horse.
E. fossor was present in the pharynxes of all seven normal horses examined. In the three cases of parapharyngeal or tooth root abscesses cultured, the species was present in large numbers and represented 7% of the total isolates. In the case of pleuropneumonia, E. fossor and Streptococcus zooepidemicus were the most frequent organisms isolated from both pulmonary abscesses and pleural fluids. E . fossor has not been found as a sole isolate in specimens, and it remains to be determined whether E. fossor is pathogenic alone or in combination with other bacteria. It appears to be present as part of the normal oropharyngeal flora of horses and may contribute to purulent disease after gaining entry along with other bacteria to an unusual site.
